Introduction
The design of brake discs has been the subject of numerous studies. Indeed, the effectiveness of the brakes and thus the safety of the passengers significantly depend on the design of the braking system. In order to understand mechanical and thermal behavior of brake disc, many experimental studies have been conducted to measure brake disc temperature distribution and thermal stress [1] [2] [3] . Noting also that the FE approach is widely employed in solving such as problems related to braking phase [4, 5] .
According to the previous research, it has been found that the following factors affect the brake disc behavior: braking mode: single, emergency and repeated brake; the shape of the disc: full or ventilated, thickness variation and hole number; material properties: disc, pad [6] [7] [8] . A statistical design of experiments approach has indicated that the number of braking applications has the strongest effect on the interface temperatures in comparison with other factors, i.e. friction loads, sliding speeds and friction material composition [9] .
To examine the influence and the interactions of different parameters characterizing a brake disc on the thermal and mechanical behavior, we adopted the design of experiments method (DOE). This statistical optimization technique very useful in parametric analysis allows to obtain the analytical model which describes the relationship between the main parameters, their interactions and the response (the temperature or the mechanical constraints). According to the established mathematical model, the experimenter can thus deduce qualitative or quantitative information on the behavior of the object studied.
In the present study, we adopted the following approach: a) Determination of the temperature distribution and equivalent stress for different geometrical brake disc configurations ( Fig. 1 ) during the braking phase using the FE commercial software ANSYS 14.5, and b) Application of the experimental design method to get the mathematical model describing the thermal or mechanical behavior of the brake disc, followed by the analysis of the variance (ANOVA test) in order to confirm the significant effects of the selected parameters on the response.
In general, the experimental design method serves to establish a relationship between two types of variables; the response as output variable (temperature or mechanical stress) and the factors which are physical variables modifiable by the experimenter, assumed to influence the variation of the response these factors can be continuous (thickness, diameter, etc.); discrete (holes number) or qualitative (type of discs or the characteristic of the material used).
The aircraft brake disc selected for this study and its variants are shown in Fig. 1 and in Fig. 2 respectively. Table 1 illustrate the variables chosen to establish the design of experiments and the level of each factor. Table 2 gives the values of the parameters required to calculate the brake speed Vh, the initial angular velocity of brake disc ω0 and the heat flux qinst(t) [11] . Brake speed: 
Thermal modeling
In the thermal modeling, the convective heat transfer coefficient h = h(t), is first determined on each free surface of the disc using Ansys CFX. This parameter will then be used to calculate the disc temperature, Figs The distribution of the computed convective heat transfer coefficient of the disc is visualised in Fig. 5 . The simulation is carried out for all disc variants presented previously, while respecting the boundary conditions using the convection coefficients obtained for each variant and the heat flux, Fig. 5 . For each simulation, the maximum value of the temperature is recorded. As example, Figs. 6-9 show respectively the temperature distribution for the variants (j) and (k). 
DOE Application
Since the objective of this study is the thermal and mechanical behavior optimization of the brake discs, we applied two types of DOE, full factorial design Tables 3, 4, 8  and fractional factorial design Tables 6 and 7 .
From Table 3 , we note that the effect of the factor X1 (thickness) on the response (temperature) is about three times the factor X2 (slit number). The factor X3 (hole number) and the interaction effects X1 X2, X1 X3, X2 X3 and X1 X2 X3 are negligible so the analytical model of the disc temperature is: 1 98 9.86 2.6 T X X   
According to this model, the maximum temperature Tmax = 110.46ºC is obtained at the low levels X (-1, -1 ) and the minimum temperature Tmin= 85.54ºC at the high levels X (1, 1), Fig. 5 . This means that with the increase in the thickness and the number of slits, it is possible to improve the thermal behavior of the brake disc.
In Table 4 , the effect of the factor X2 (slits number) is the largest compared to others factors; its impact on the response (Von Mises stress) is nearly double the effect of X1 and X3. Less stress in this design is recorded in the 6 th experience. Noting that there is a high stress concentration in the slit areas, which means that the increase in the slit number favors the appearance of rupture zones. By referring to the full factorial design, 
According to the effect matrix of the fractional design for the factors X1, X2, X3, Table 5 , we consider only the first four experiences 5, 2, 3 and 8. It results the following fractional designs, Tables 6 and 7. These Tables do not allow the calculation of the interaction between the main factors. The effects calculated in fractional factorial designs are aliased:
This means that they do not directly reflect the effect of the factors taken individually but in groups of factors and interactions. It is sometimes impossible to conclude on the effect of a factor, since in contrast each term can be influential.
Polynomials 
A fractional design with a reduced number of experiments gives an analytical model of the thermal behavior comparable to that obtained with a Full design. However, in the case of mechanical behavior, one notes that there is a certain deviation between the both experimental designs. Now considering the full design with the factors X4 and X5, 
Analysis of variance (ANOVA)
The values of the responses obtained in the design of experiments must be analyzed to measure the influence of factors and interactions on the observed variations in the response. The main method for this purpose is the analysis of variance (ANOVA). In general, the ANOVA includes the calculation of mean squares of factors and interactions, residual variance and Fisher's test [13] .
The variance of the factors is the sum of the squared deviations (SSD) divided by the number of degrees of freedom dfF associated with the considered factor F. The sum of squared deviations associated with the factor F is: 
With:
where y is average response; i y is the mean of the responses observed for the experiments, where the factor F takes its i th level. For interactions involving factors A and B, the sum of the squares of the deviations is equal to:
  
where ij y is the mean of the responses where the factor A takes its i th level, and where the factor B takes its j th level. The value of the mean squares, associated with the considered factor or interaction x is:
The calculation of the residual variance MSDr is the sums of squared deviations (SSD) and the numbers of degrees of freedom (df) related to the selected interactions it is used to test the significance of the factors and to assess the quality of the model obtained.
Fisher-Snedecor test
Fisher test is a statistical hypothesis test to check the equality of two variances by verifying their ratio does not exceed certain theoretical value. We calculate the following ratio for a factor x considered as: In inferential statistics, the term "null hypothesis" often denoted H0 is usually refers to a general statement or default position that there is no relationship between two measured phenomena, or no association among groups [14] . It is generally assumed true until evidence indicates otherwise. The H0 hypothesis must be rejected at level α if:
We have applied ANOVA test for Table 3 , we obtained the following Table 8 .
From Fisher Snedecor table the theoretical value Fth for (n1 = 1, n2 = 4) and α = 0.01, is Fth = 21.2. Applying Fisher-test to ANOVA results, Table 8 , we conclude that the factors X1 and X2 are significant about 99%. We have only 1% risk of rejecting assumptions of equality with the residual variance. However, the factor X3 is non-significant. We refer to Table. 3 to see how these two factors affect the response T. We read that the less temperature is recorded when X1, X2 take their maximum values (+). Table 4 , we get the ANOVA results, Table 9 . Table 9 , we note that the factor X2 is significant about 95%. We have only 5% risk of disproving the null hypothesis. This analysis excludes the factor X1 from the mechanical study. As in the thermal case of the analysis of variance, the factor X3 (number of holes) is not significant. We also observe that the results obtained by the fractional designs are approximately same as those of full designs, Tables 5 and 6 .
We made further changes on the outer shape of the disc but with a reduced number of simulations. From Table. 8 
Fth corresponding to this design (Table. 7) with α = 0.05 is equal to 161.45. Hence, the value of the limiting effect Ef,lim = 18.42. We found that the effect of these changes of form would seem to be the most important, although this value has not depreciated a calculated value called limiting effect. Thereby, with a reduced number of experiments the significance of a given factor could not occur, although it is considered important.
Conclusions
Through this study, in order to understand the influence of certain geometrical parameters on the thermal and mechanic behavior, an aeronautical brake disc was taken making some modifications , we found that each variant behaves thermally and mechanically different, to determine what are the factors influencing this behavior, the experimental design method was applied, it allowed us to make three full factorial designs and two fractional designs, it was possible also to write a mathematical model for each of these designs; with ANOVA and Fisher test it was found that among the factors selected in this study, the thickness and the slit number were the most influential factors for the thermal performance of the disc. However, for mechanical behavior, the slit number was the most influential factor.
